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METAL/CERAMIC BONDING ARTICLE 
AND METHOD FOR PRODUCING SAME 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention generally relates to a metal/ 
ceramic bonding article having a ceramic substrate and a 
metal member bonded to the ceramic substrate, and a method 
for producing the same. More specifically, the invention 

10 relates to a metal/ceramic bonding article wherein a metal 
member of a copper alloy serving as a resistive element 
is bonded to a ceramic substrate and which is used for an 
electronic member for resistance, such as a shunt resistive 
element, and a method for producing the same. 

15 Description of the Prior Art 

In conventional electronic members for resistance, 
such as shunt resistive elements, an alloy plate, such as 
a manganin alloy plate, which serves as a sheet resistor 
precisely worked by a press working or the like, is bonded 

20 to a ceramic substrate, such as an alumina substrate, by 
the brazing and soldering using a brazing filler metal, 
such as a silver solder, which contains an active metal 
(see, e.g., Japanese Patent Laid-Open No. 11-97203). 

On the other hand, as methods for bonding a metal 

25 plate directly to a ceramic substrate without the need of 
any intermediate materials, such as brazing filler metals, 
there are a so-called eutectic bonding method for heating 
a metal plate and a ceramic substrate at a temperature 
between their eutectic point and the melting point of the 

30 metal in an atmosphere of an inert gas to produce an eutectic 
melt between the metal plate and the ceramic substrate to 
bond the metal plate directly to the ceramic substrate (see, 
e.g., Japanese Patent Laid-Open No. 52-37914), and a 
so-called molten metal bonding method for causing a molten 

35 metal to contact a ceramic substrate to bond a metal plate 
directly to the ceramic substrate (see, e.g., Japanese 
Patent Laid-Open No. 7-193358) . 
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However, in the brazing and soldering which uses 
a brazing filler metal containing an active metal, it is 
required to use a noble metal, such as silver, as the active 
metal, so that there is a problem in that production costs 
5 are increased. In addition, there are some cases where 
the brazing and soldering are not preferably used for 
preparing electronic members for resistors, since 
resistance varies due to the alloying of the alloy metal 
with the brazing filler metal . Moreover, if an alloy plate 

10 of a copper-nickel alloy, a copper-nickel-manganese alloy 
or the like is bonded to a ceramic substrate by a brazing 
filler metal, there are some cases where reliability 
necessary for electronic members can not be obtained due 
to hardness (strength) of the brazing filler metal and due 

15 to stress produced by a difference in thermal expansion 
coefficient between the brazing filler metal and the 
ceramic substrate . 

The eutectic bonding method can be only used for 
bonding a metal plate and a ceramic substrate which produce 

20 an eutectic melt, and often utilizes oxygen in a ceramic 
as a bonding material, so that it is difficult to bond a 
metal to a non-oxide ceramic. 

The molten metal bonding method is designed to cause 
a molten metal to contact a ceramic substrate to bond a 

25 metal plate directly to the ceramic substrate, so that there 
are some cases where it is difficult to produce an electronic 
material having a fine shape, such as a resistor. 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention 

30 to eliminate the aforementioned problems and to provide 
a metal/ceramic bonding article capable of being produced 
by bonding a metal member directly to a ceramic substrate 
even if the metal member and the ceramic substrate produce 
no eutectic melt and even if any molten metals are not used, 

35 and a method for producing the same. 

In order to accomplish the aforementioned and other 
objects, the inventors have diligently studied and found 
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that it is possible to bond a metal member of an alloy 
containing copper and nickel directly to at least one 
surface of a ceramic substrate by heating the metal member 
and the ceramic member at a temperature between solidus 
5 and liquidus lines of the alloy in an atmosphere of an inert 
gas or in vacuo. 

According to one aspect of the present invention, 
there is a method for producing a metal/ceramic bonding 
article, the method comprising the steps of: arranging a 

10 metal member of an alloy containing copper and nickel on 
at least one side of a ceramic substrate; and heating the 
metal member and the ceramic substrate at a temperature 
between solidus and liquidus lines of the alloy to bond 
the metal member directly to the ceramic substrate. The 

15 heating step may be carried out in an atmosphere of an inert 
gas or in vacuo. 

In this method for producing a metal /ceramic bonding 
article, the alloy is preferably an entire-rate solid 
solution type alloy . The alloy may contain manganese . In 

20 this case, the alloy preferably contains 1.0 to 4.0 wt% 
of nickel, 10.0 to 13.0 wt% of manganese and the balance 
being copper and unavoidable elements . 

Preferably, the temperature between solidus and 
liquidus lines of the alloy is not higher than a temperature 

25 which is higher than the solidus line of the alloy by 50 °C . 
When the alloy is a manganin alloy, the temperature between 
solidus and liquidus lines of the alloy is preferably in 
the range of from 960 °C to 990 °C . The inert gas is 
preferably nitrogen or argon gas. 

30 A thinner plate than the metal member is preferably 

provided on a peripheral portion of the metal member. The 
thickness of the plate is preferably 0.2 mm or less. The 
metal member is preferably worked so as to have a 
predetermined shape before being arranged on the at least 

35 one side of the ceramic substrate. In addition, plating 
is preferably carried out on the whole or part of the surface 
of the metal member. Moreover, the metal/ceramic bonding 
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article may be used as an electronic member for resistance . 

When the heating step is carried out in vacuo, the 
method may further comprise the steps of: arranging the 
metal member, which is arranged on the at least one side 
5 of the ceramic substrate, on a supporting plate via a spacer; 
and arranging a weight thereon via a spacer, and the heating 
step may be carried out in a vacuum furnace. 

According to another aspect of the present invention, 
there is provided a metal/ceramic bonding article for an 
10 electronic member, the metal/ceramic bonding article 
comprising: a ceramic substrate; and a metal plate of an 
alloy containing copper and nickel, the metal plate being 
bonded directly toatleast one side of the ceramic substrate, 
wherein a heat cycle resistance is 30 cycles or more, and 
15 the metal plate has a thickness of less than 0.4 mm. In 
this metal/ ceramic bonding article for an electronic member , 
the alloy may contain manganese. 

According to a further aspect of the present 
invention, there is provided a metal/ceramic bonding 
20 article for an electronic member , the metal /ceramic bonding 
article comprising: a ceramic substrate; and a metal plate 
of an alloy containing copper and nickel, the metal plate 
being bonded directly to at least one side of the ceramic 
substrate, wherein the metal plate has a surface roughness 
25 of 10/iin or less. In this metal/ceramic bonding article 
for an electronic member, the alloy may contain manganese . 
BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will be understood more fully 
from the detailed description given herebelow and from the 
30 accompanying drawings of the preferred embodiments of the 
invention. However, the drawings are not intended to imply 
limitation of the invention to a specific embodiment, but 
are for explanation and understanding only. 
In the drawings: 
35 FIG. 1 is a side view showing a step of bonding a 

metal member to the top face of a ceramic substrate in an 
atmosphere of an inert gas in Example 1 by a method for 
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producing a metal/ceramic bonding substrate according to 
the present invention; 

FIG. 2 is a side view showing a step of bonding metal 
members to both sides of a ceramic substrate in an atmosphere 
5 of an inert gas in Example 2 by a method for producing a 
metal/ceramic bonding substrate according to the present 
invention; 

FIG. 3 is a side view showing a step of bonding a 
metal member to the bottom face of a ceramic substrate in 

10 an atmosphere of an inert gas in Example 3 by a method for 
producing a metal/ceramic bonding substrate according to 
the present invention; and 

FIG. 4 is a side view showing a step of bonding metal 
members to both sides of a ceramic substrate in vacuo by 

15 a method for producing a metal/ceramic bonding substrate 
according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In a preferred embodiment of a method for producing 
a metal/ceramic substrate according to the present 

20 invention, a metal member of an alloy containing copper 
and nickel is bonded directly to at least one surface of 
a ceramic substrate by heating the metal member and the 
ceramic substrate at a temperature between solidus and 
liquidus lines of the alloy in an atmosphere of an inert 

25 gas or in vacuo. 

As the alloy containing copper and nickel , amanganin 
or constantan alloy used for detecting a current is 
preferably used. These alloys are preferably used as 
alloys for precise resistors since they are entire-rate 

30 solid solutions and since the composition thereof is 
selected so as to have the maximum volume resistivity and 
the minimum temperature coefficient of resistance. 

The ceramics of the ceramic substrates include oxide 
ceramics, such as ceramics containing alumina or zirconia 

35 as a principal component, nitride ceramics, such as 
ceramics containing aluminum nitride or silicon nitride 
as a principal component, as non-oxide ceramics, and 
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carbide ceramics, such as ceramics containing SiC as a 
principal component. In particular, the ceramics should 
not be limited to oxide ceramics. 

The bonding of the metal member to the ceramic 
5 substrate in an atmosphere of an inert gas may be carried 
out in an atmosphere of nitrogen gas or argon gas. In this 
case, since the metal member can be bonded to the ceramic 
substrate in the atmosphere of the inert gas, it is possible 
to use a belt type tunnel furnace to continuously produce 

10 bonding articles, so that productivity is high. 

The bonding of a metal member to a ceramic substrate 
in vacuo may be carried out by a vacuum furnace after 
arranging the metal member on at least one of the ceramic 
substrate to arrange them on a supporting plate via a spacer 

15 to arrange a weight on the top face thereof via a spacer. 
For example, as shown in FIG. 4, metal members 24 can be 
bonded directly to both sides of each of ceramic substrates 
26 after arranging metal members 24, which are arranged 
on both sides of each of the ceramic substrates 26, on a 

20 pallet 20 via a spacer 22 to arrange a weight 28 thereon 
via a spacer 22 to heat them in a vacuum furnace. 

The bonding of the metal member to the ceramic 
substrate is carried out by heating them at a temperature 
between solidus and liquidus lines of the alloy. In 

25 particular, if a metal/ceramic bonding article for use in 
an element for precise resistor is produced, heating is 
preferably carried out at a temperature in the range of 
from the solidus line of the alloy to a higher temperature 
than the solidus line thereof by 50 °C . 

30 Although the mechanism of this bonding is not clear, 

it is considered that the surface of the ceramic substrate 
is wet by the occurrence of a liquidus line in a solid-liquid 
coexisting phase to bond the metal member to the ceramic 
substrate. Therefore, if the metal/ceramic bonding 

35 article is used as an electronic material, it is required 
to hold the shape of the surface of the metal member, and 
it is required to prevent a liquid phase from being 
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excessively produced at a temperature approximating the 
solidus line of the alloy, so that the temperature is 
preferably controlled in the range of from the solidus line 
of the alloy to a higher temperature than the solidus line 
5 thereof by 50 °C . 

The bonding of the metal member to the ceramic 
substrate in vacuo is carried out at a high vacuum of 10" 4 
torr or less, and the metal member is bonded directly to 
a non-oxide ceramic substrate, such as an A1N substrate, 

10 so that it is considered that oxygen hardly participates 
in the bonding unlike the conventional eutectic bonding 
method. Since the bonding is carried out in vacuo, the 
surface of the bonded alloy plate is not oxidized, so that 
there is an advantage in that it is not required to carry 

15 out a subsequent step of removing an oxide film of plating* 
It is known that the direct bonding in an atmosphere of 
an inert gas using the eutectic bonding method or the like 
easily causes bonding failure, so-called "blister", which 
causes blisters on the surface of the bonded metal member. 

20 However, in the method according to the present invention 
for bonding the metal member to the ceramic substrate in 
vacuo, gas causing blisters does not exist, so that it is 
difficult to cause the blister failure. 

In the use of a metal member of a manganin alloy 

25 being a material of an electronic member for precise 
resistor, the bonding temperature is preferably in the 
range of from 960 °C to 990 °C, and more preferably in the 
range of from 960 °C to 980 °C . For example, in the case 
of a manganin alloy containing 2 wt% of nickel, 12 wt% of 

30 manganese and the balance being copper and unavoidable 
elements, the temperature of the solidus line is about 9 60 °C, 
and the temperature of the liquidus line is about 1000 °C, 
so that it is difficult to hold a smooth surface of a metal 
member unless the temperature is controlled in a narrow 

35 temperature range approximating the solidus line. If the 
bonding is carried out at a temperature in the above 
described bonding temperature range, the surface roughness 
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Rz of a manganin alloy plate is lO/zm or less to improve 
solder wettability, chip mounting performance and wire 
bonding performance at an assembly step, so that it is 
possible to obtain a bonding article which is preferably 
used as an electronic material. On other hand, if the 
bonding is carried out at a higher temperature than the 
above described bonding temperature range, there are some 
cases where characteristics, such as solder wettability, 
may be deteriorated. 

If a metal member of a manganin alloy is bonded to 
a ceramic substrate, the thickness of the metal member is 
preferably less than 0.4 mm, and more preferably 0 . 2 mm 
or less. Because the ceramic substrate may be broken due 
to stress caused by a difference in thermal expansion 
coefficient between the metal member and the ceramic 
substrate if the thickness of the metal member is 0.4 mm 
or more. In order to reduce the thermal stress, the metal 
member bonded to the ceramic substrate without the need 
of any brazing filler metal is preferably slow-cooled. 

If the thickness of a metal member of a manganin 
alloy is 0.4 mm or more, a thin plate portion is preferably 
provided at the end portion of the metal member, and the 
thickness of the thin plate portion is preferably 0 . 2 mm 
or less. Because the alloy, such as a manganin alloy, has 
a higher 0 . 2% proof stress than pure metal, such as copper, 
and a high residual stress applied to a ceramic substrate, 
so that it is required to sufficiently consider reliability 
to relax stress by the thin plate portion. 

As evaluation of the reliability of an electronic 
material, a heat cycle resistance is known. For example, 
it is required to produce no cracks in the ceramic substrate 
and it is required to prevent electric characteristics from 
being deteriorated, even if a heat cycle (room temperature 
-> -40 °C x 30 minutes — > room temperature x 10 minutes — > 
125 °C x 30 minutes — > room temperature x 10 minutes) is 
carried out thirty times. If the thickness of the metal 
member is less than 0.4 mm, conditions on these 
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characteristics are satisfied. 

Since it is not required to carry out a subsequent 
working if the metal member is previously worked so as to 
have a predetermined shape, the metal member is preferably 
5 bonded to the ceramic substrate after the metal member is 
worked by press working or etching so as to have a 
predetermined shape. Moreover, in order to facilitate 
soldering and in order to prevent the metal member from 
deteriorating with age, the whole or part of the surface 
10 of the metal member is preferably plated with nickel or 
nickel alloy. This plating may be carried out by the 
electrolytic plating or electroless plating. 

To the surface and reverse of the ceramic substrate, 
different kinds of metal members maybe bonded. For example, 
15 after a copper member is previously bonded to one side of 
the ceramic substrate by the direct bonding method, a member 
of a Cu-Ni-Mn alloy may be bonded to the other side thereof . 
In this case, the copper member may be used as a heat sink 
plate . 

20 Examples of metal/ceramic bonding articles and 

methods for producing the same according to the present 
invention will be described below in detail. 
Example 1 

As shown in FIG. 1, a ceramic substrate 12 of 96% 
25 alumina having a size of 45 mm x 67 mm x 0 . 635 mm was arrange 
on a floor plate 10 of alumina, and a manganin plate 14 
of 2Ni-12Mn-Cu alloy having a size of 40 mm x 50 mm x 0.2 
mm was arranged on the top of the ceramic substrate 12. 
Then, they were arranged in a belt type tunnel furnace, 
30 through which nitrogen gas passed, to be heated at a maximum 
temperature of 975 °C for ten minutes. Thereafter, they 
were cooled to obtain a metal /ceramic bonding article . The 
peel strength of the metal/ceramic bonding article thus 
obtained was measured. As a result, the peel strength was 
35 5 kg/cm or more, so that it was found that it was possible 
to obtain sufficiently strong bonding for an electronic 
member. The manganin plate was not deteriorated, so that 
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it was possible to produce an electronic part usable as 
a precise resistor. 
Example 2 

Ametal/ceramic bonding article was obtained by the 
5 same method as that inExample 1, except that manganin plates 
14 arranged on both sides of a ceramic substrate 12 were 
arranged on a floor plate 10 via a spacer 16 as shown in 
FIG. 2. The peel strength of the metal/ceramic bonding 
article thus obtained was measured. As a result, the peel 

10 strength was 5 kg/cm or more, so that it was found that 
it was possible to obtain sufficiently strong bonding for 
an electronic member. The manganin plate was not 
deteriorated, so that it was possible to produce an 
electronic part usable as a precise resistor. 

15 Example 3 

Ametal/ceramic bonding article was obtained by the 
same method as that in Example 1, except that a manganin 
plate 14 arranged on the bottom face of a ceramic substrate 
12 was arranged on a floor plate 10 via a spacer 16 as shown 

20 in FIG. 3. The peel strength of the metal/ceramic bonding 
article thus obtained was measured. As a result, the peel 
strength was 5 kg/cm or more, so that it was found that 
it was possible to obtain sufficiently strong bonding for 
an electronic member. The manganin plate was not 

25 deteriorated, so that it was possible to produce an 
electronic part usable as a precise resistor. 
Example 4 

Ametal/ceramic bonding article was obtained by the 
same method as that in Example 1, except that the size of 

30 the manganin plate 14 was 2 0 mm x 30 mm x 0 . 2 mm. The peel 
strength of the metal /ceramic bonding article thus obtained 
was measured. As a result, the peel strength was 5 kg/cm 
or more, so that it was found that it was possible to obtain 
sufficiently strong bonding for an electronic member . The 

35 manganin plate was not deteriorated, so that it was possible 
to produce an electronic part usable as a precise resistor. 
Moreover, after a heat cycle (room temperature — > -40 °C 
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x 30 minutes — > room temperature x 10 minutes — * 125 °C x 
30 minutes — * room temperature x 10 minutes) was carried 
out thirty times, no cracks were produced in the ceramic 
substrate, and electric characteristics were not 
5 deteriorated. 
Example 5 

Ametal/ceramic bonding article was obtained by the 
same method as that in Example 1, except that the size of 
the manganin plate 14 was 20 mm x 30 mm x 0.1 mm. The peel 

10 strengthof the metal/ceramic bonding art icle thus obtained 
was measured. As a result, the peel strength was 5 kg/cm 
or more, so that it was found that it was possible to obtain 
sufficiently strong bonding for an electronic member . The 
manganinplate was not deteriorated, so that it was possible 

15 to produce an electronic part usable as a precise resistor . 
Moreover, after the same heat cycle as that in Example 4 
was carried out thirty times, no cracks were produced in 
the ceramic substrate, and electric characteristics were 
not deteriorated. 

20 Example 6 

Ametal/ceramic bonding article was obtained by the 
same method as that in Example 1, except that the size of 
the manganin plate 14 was 20 mm x 30 mm x 0 . 05 mm. The 
peel strength of the metal/ceramic bonding article thus 

25 obtained was measured. As a result, the peel strength was 
5 kg/cm or more, so that it was found that it was possible 
to obtain sufficiently strong bonding for an electronic 
member. The manganin plate was not deteriorated, so that 
it was possible to produce an electronic part usable as 

30 a precise resistor. Moreover, after the same heat cycle 
as that in Example 4 was carried out thirty times, no cracks 
were produced in the ceramic substrate, and electric 
characteristics were not deteriorated. 
Example 7 

35 Ametal/ceramic bonding article was obtained by the 

same method as that in Example 4, except that a zirconia 
containing alumina substrate having a size of 45 mm x 67 
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mm x 0.25 mm was used as the ceramic substrate. The peel 
strengthof the metal/ceramic bonding article thus obtained 
was measured. As a result, the peel strength was 5 kg/cm 
or more, so that it was found that it was possible to obtain 
5 a sufficiently strong bonding for an electronic member. 
In addition, the manganin plate was not deteriorated, so 
that it was possible to produce an electronic part usable 
as a precise resistor. 
Example 8 

10 Ametal/ceramic bonding article was obtained by the 

same method as that in Example 5, except that a zirconia 
containing alumina substrate having a size of 45 mm x 67 
mm x 0.25 mm was used as the ceramic substrate. The peel 
strengthof the metal/ceramic bonding article thus obtained 

15 was measured. As a result, the peel strength was 5 kg/cm 
or more, so that it was found that it was possible to obtain 
sufficiently strong bonding for an electronic member . The 
manganinplate was not deteriorated, so that it was possible 
to produce an electronic part usable as a precise resistor . 

20 Example 9 

Ametal/ceramic bonding article was obtained by the 
same method as that in Example 6, except that a zirconia 
containing alumina substrate having a size of 45 mm x 67 
mm x 0.25 mm was used as the ceramic substrate. The peel 

25 strengthof the metal/ceramic bonding article thus obtained 
was measured. As a result, the peel strength was 5 kg/cm 
or more, so that it was found that it was possible to obtain 
sufficiently strong bonding for an electronic member . The 
manganinplate was not deteriorated, so that it was possible 

30 to produce an electronic part usable as a precise resistor. 
Example 10 

Ametal/ceramic bonding article was obtained by the 
same method as that in Example 1, except that a manganin 
plate having a thickness of 0 . 2 mm was arranged on an alumina 
35 substrate after the manganin plate was worked by etching 
so as to have a predetermined shape for a shunt resistor 
and that the maximum temperature was 980 °C . The peel 
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strength of the metal /ceramic bonding article thus obtained 
was measured. As a result, the peel strength was 5 kg/cm 
or more, so that it was found that it was possible to obtain 
sufficiently strong bonding for an electronic member . The 
manganin plate was not deteriorated, so that it was possible 
to produce an electronic part usable as a precise resistor. 
Example 11 

A metal /ceramic bonding article was obtained by the 
same method as that in Example 1, except that a manganin 
plate having a thickness of 0 . 2 mm was arranged on a zirconia 
containing alumina substrate after the manganin plate was 
worked by etching so as to have a predetermined shape for 
a shunt resistor and that the maximum temperature was 98 0 °C . 
The peel strength of the metal/ceramic bonding article thus 
obtained was measured. As a result, the peel strength was 
5 kg/cm or more, so that it was found that it was possible 
to obtain sufficiently strong bonding for an electronic 
member. The manganin plate was not deteriorated, so that 
it was possible to produce an electronic part usable as 
a precise resistor. 
Example 12 

Ametal/ceramic bonding article was obtained by the 
same method as that in Example 1, except that a manganin 
plate having a size of 20 mm x 30 mm x 0 . 4 mm was arranged 
on an alumina substrate after the manganin plate was worked 
by etching so that a portion of 1 mm from the outer periphery 
has a thickness of 0.2 mm, and that the maximum temperature 
was 980 °C . The peel strength of the metal/ceramic bonding 
article thus obtained was measured. As a result, the peel 
strength was 5 kg/cm or more, so that it was found that 
it was possible to obtain sufficiently strong bonding for 
an electronic member. The manganin plate was not 
deteriorated, so that it was possible to produce an 
electronic part usable as a precise resistor. 
Comparative Example 1 

Ametal/ceramic bonding article was obtained by the 
same method as that in Example 5, except that a silver braze 
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containing titanium as an active metal was arranged between 
a manganin plate and an alumina substrate and that bonding 
was carried out at a temperature of 850 °C in vacuo. The 
peel strength of the metal/ceramic bonding article thus 
5 obtained was measured. As a result, the peel strength was 
5 kg/cm or more, so that it was found that it was possible 
to obtain sufficiently strong bonding for an electronic 
member. However, the components of the brazing filler 
metal were dispersed in the manganin plate to deteriorate 
10 the manganin plate, so that it was not possible to use the 
bonding article as a resistor. 
Example 13 

Manganin plates of 2Ni-12Mn-Cu alloy having a size 
of 20 mm x 30 mm x 0.2 mm arranged on both sides of each 

15 of ceramic substrates of 96% alumina having a size of 45 
mm x 67 mm x 0.635 mm were stacked via a spacer of A1N, 
Then, they were heated in a vacuum furnace at a maximum 
temperature of 975 °C for thirty minutes . Thereafter, they 
were cooled to obtain a metal/ceramic bonding article. 

20 Furthermore, BN powder was applied on the spacer as a mold 
releasing agent. 

The peel strength of the metal/ceramic bonding 
article thus obtained was measured. As a result, the peel 
strength was 3 kg/cm or more, so that it was found that 

25 it was possible to obtain sufficiently strong bonding for 
an electronic member. The manganin plates were not 
deteriorated, so that it was possible to produce an 
electronic part usable as a precise resistor. Moreover, 
no blister failure was caused. 

30 Example 14 

Ametal/ceramic bonding article was obtained by the 
same method as that in Example 13, except that the size 
of the manganin plates was 20 mm x 30 mm x 0 . 1 mm. The 
peel strength of the metal/ceramic bonding article thus 

35 obtained was measured. As a result, the peel strength was 
3 kg/cm or more, so that it was found that it was possible 
to obtain sufficiently strong bonding for an electronic 
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member. The manganin plates were not deteriorated. The 
surface roughness Rz of the bonded manganin plates was 
measured. As a result, the surface roughness Rz was 6.9 
Atm. The Ni-P electroless plating was carried out on the 
5 surface of the metal/ceramic bonding article to evaluate 
solder wettability and wire bonding performance. As a 
result, there was no problem if it was used as an electronic 
part. Moreover, no blister failure was caused. 
Example 15 

10 A metal/ceramic bonding article was obtained by the 

same method as that in Example 13, except that the size 
of the manganin plates was 20 mm x 30 mm x 0.05 mm. The 
peel strength of the metal/ceramic bonding article thus 
obtained was measured. As a result, the peel strength was 

15 3 kg/cm or more, so that it was found that it was possible 
to obtain sufficiently strong bonding for an electronic 
member . The manganin plates were not deteriorated, so that 
it was possible to produce an electronic part usable as 
a precise resistor. Moreover, no blister failure was 

20 caused. 

Example 16 

A metal/ceramic bonding article was obtained by the 
same method as that in Example 13, except that aluminum 
nitride substrates were used as the ceramic substrates. 

25 The peel strength of the metal/ceramic bonding article thus 
obtained was measured. As a result, the peel strength was 
3 kg/cm or more, so that it was found that it was possible 
to obtain sufficiently strong bonding for an electronic 
member . The manganin plates we re not deteriorated, so that 

30 it was possible to produce an electronic part usable as 
a precise resistor. Moreover, no blister failure was 
caused. 
Example 17 

Ametal/ceramic bonding article was obtained by the 
35 same method as that in Example 14, except that aluminum 
nitride substrates were used as the ceramic substrates. 
The peel strength of the metal/ceramic bonding article thus 
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obtained was measured. As a result, the peel strength was 
3 kg/cm or more, so that it was found that it was possible 
to obtain sufficiently strong bonding for an electronic 
member . Themanganin plates were not deteriorated, so that 
it was possible to produce an electronic part usable as 
a precise resistor. Moreover, no blister failure was 
caused. 
Example 18 

Ametal/ ceramic bonding article was obtained by the 
same method as that in Example 15, except that aluminum 
nitride substrates were used as the ceramic substrates. 
The peel strength of the metal/ceramic bonding article thus 
obtained was measured. As a result, the peel strength was 
3 kg/cm or more, so that it was found that it was possible 
to obtain sufficiently strong bonding for an electronic 
member. The manganin plates were not deteriorated, so that 
it was possible to produce an electronic part usable as 
a precise resistor. Moreover, no blister failure was 
caused . 
Example 19 

A metal/ceramic bonding article was obtained by the 
same method as that in Example 13, except that zirconia 
containing substrates were used as the ceramic substrates . 
The peel strength of the metal/ceramic bonding article thus 
obtained was measured. As a result, the peel strength was 
3 kg/cm or more, so that it was found that it was possible 
to obtain sufficiently strong bonding for an electronic 
member. The manganin plates were not deteriorated, so that 
it was possible to produce an electronic part usable as 
a precise resistor. Moreover, no blister failure was 
caused . 
Example 20 

Ametal/ceramic bonding article was obtained by the 
same method as that in Example 13, except that manganin 
plates having a thickness of 0.2 mm were arranged on both 
sides of each of alumina substrates after the manganin 
plates were worked by etching so as to have a predetermined 
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shape for a shunt resistor and that heating was carried 
out at a maximum temperature of 980 °C for ten minutes. 
The peel strength of the metal/ceramic bonding article thus 
obtained was measured. As a result, the peel strength was 
3 kg/cm or more, so that it was found that it was possible 
to obtain sufficiently strong bonding for an electronic 
member . The manganin plates were not deteriorated, so that 
it was possible to produce an electronic part usable as 
a precise resistor. Moreover, no blister failure was 
caused . 
Example 21 

Ametal/ceramic bonding article was obtained by the 
same method as that in Example 13, except that manganin 
plates having a thickness of 0.2 mm were arranged on both 
sides of each of A1N substrates after the manganin plates 
were worked by etching so as to have a predetermined shape 
for a shunt resistor and that heating was carried out at 
a maximum temperature of 980 °C for ten minutes. The peel 
strength of the metal /ceramic bonding article thus obtained 
was measured. As a result, the peel strength was 3 kg/cm 
or more, so that it was found that it was possible to obtain 
sufficiently strong bonding for an electronic member . The 
manganin plates were not deteriorated, so that it was 
possible to produce an electronic part usable as a precise 
resistor. Moreover, no blister failure was caused. 
Example 22 

Ametal/ceramic bonding article was obtained by the 
same method as that in Example 13, except that manganin 
plates having a size of 20 mm x 30 mm x 0 . 4 mm were arranged 
on both sides of each of alumina substrates after the 
manganin plates were worked by etching so that a portion 
of 1 mm from the outer periphery has a thickness of 0.2 
mm, and that heating was carried out at a maximum temperature 
of 980 °C for ten minutes. The peel strength of the 
metal/ceramic bonding article thus obtained was measured. 
As a result, the peel strength was 3 kg/cm or more, so that 
it was found that it was possible to obtain sufficiently 
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strong bonding for an electronic member. The manganin 
plates were not deteriorated, so that it was possible to 
produce an electronic part usable as a precise resistor. 
Moreover, no blister failure was caused. 
5 Comparative Example 2 

Ametal/ceramic bonding article was obtained by the 
same method as that in Example 17, except that a silver 
braze containing titanium as an active metal was arranged 
between a manganin plate and an alumina substrate and that 

10 bonding was carried out at a temperature of 850 °C in vacuo. 
The peel strength of the metal/ceramic bonding article thus 
obtained was measured. As a result, the peel strength was 
5 kg/cm or more, so that it was found that it was possible 
to obtain sufficiently strong bonding for an electronic 

15 member. However, the components of the brazing filler 
metal were dispersed in the manganin plates to deteriorate 
the manganin plates, so that it was not possible to use 
the bonding article as a resistor. 

As described above, according to the present 

20 invention, it is possible to bond a metal member directly 
to a ceramic substrate even if the metal member and the 
ceramic substrate do not produce an eutectic melt and even 
if any molten metals are not used. When the metal member 
is bonded to the ceramic substrate in vacuo, it is possible 

25 to prevent the occurrence of blister failure. 

The bonding of a metal/ceramic bonding article 
produced by a method according to the present invention 
is sufficiently strong for an electronic member. In 
addition, the resistance characteristics of the bonding 

30 article are maintained as those of the alloy, and the 
reliability of the bonding article is sufficient. 
Therefore, the bonding article can be used for a shunt 
resistor utilized for measuring a current in a circuit of 
a generalized inverter, a current detecting element in a 

35 hybrid integrated circuit, and a temperature compensating 
circuit, such as a strain gage type converter. 

When the metal member is bonded to the ceramic 
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substrate in an atmosphere of an inert gas, the bonding 
article can be continuously produced by a tunnel furnace 
to enhance the production efficiency. When the metal 
member is bonded to the ceramic substrate in vacuo, an 
electronic part having characteristics, such as solder 
wettability and wire bonding performance, which are 
required at an assembly step, can be produced since the 
surface roughness Rz of the bonded metal member is 10 
l± m or less. 

While the present invention has been disclosed in 
terms of the preferred embodiment in order to facilitate 
better understanding thereof, it should be appreciated that 
the invention can be embodied in various ways without 
departing from the principle of the invention . Therefore, 
the invention should be understood to include all possible 
embodiments andmodif ication to the shown embodiments which 
can be embodied without departing from the principle of 
the invention as set forth in the appended claims. 



